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Purpose: Ultrasound-guided compression offemoral pseudoaneurysms ha  often obviated 
the need for open operative repair. Increasing use of percutaneous interventional cardiac 
procedures has created pseudoaneurysms with a large-caliber arterial defect, often in 
patients who are placed immediately on anticoagulation therapy. This report describes 
the prospectively collected information from our vascular laboratory regarding ultra- 
sound-guided compression of these pseudoaneurysms after cardiac procedures, both 
interventional nd diagnostic. 
Methods: Since March 1994 prospective data collection for patients who have undergone 
pseudoaneurysm compression i  our vascular laboratory has recorded information in- 
cluding cardiac procedure, size of catheter or sheath, coagulation parameters, pseudoan- 
eurysm size and location, and time to compression. Forty-one patients underwent 
attempted ultrasound-guided pseudoaneurysm compression after ca diac procedures: 19 
after cardiac catheterization alone, seven after angioplasty, one after atherectomy, two 
after insertion and subsequent removal of an intraaortic balloon pump, and 12 after 
coronary stenting. 
Results: Compression was successful overall in 88% of the patients (36 of 41). Successful 
compression of the pseudoaneurysm was seen in 95% after catheterization alone, 100% 
after angioplasty, 100% after atherectomy, and 100% after intraaortic balloon pumping, 
as compared with 67% after stenting (eight of 12 vs 28 of 29; p = 0.02). A sheath size of 
9F or greater was a significant factor in predicting unsuccessful compression (three of 
eight vs two of 33; p = 0.04). Abnormal coagulation parameters were present in 20 of the 
41 patients and was not significantly different in patients who were successfully or 
unsuccessfiflly treated (four of five vs 16 of 36; p = 0.40). 
Conclusions: PSeudoaneurysms after cardiac procedures and interventions can often be 
successfully compressed with an ultrasound-guided technique. The presence of abnormal 
coagulation parameters was not identified as a risk factor for compression failure and 
should not dissuade attempted compression. Stent placement was more likely to result in 
unsuccessful compression, and this appeared to be a result of the larger size of the arterial 
defect. Even in this setting, compression achieved obliteration of the pseudoaneurysm in 
more than half of the patients. (J Vasc Surg 1997;26:913-8.) 
Femoral artery pseudoaneurysms area potentially 
serious complication of arterial catheterization. 
Pseudoaneurysms have been noted to occur after a 
small proportion of diagnostic atheterizations, with 
reports in the range of  0.05% to 0.2%. 1,2 Therapeutic 
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percutaneous cardiac procedures, uch as percutane- 
ous transluminal coronary angioplasty (PTCA) and 
coronary stenting, have resulted in an increased inci- 
dence of pseudoaneurysms. 2,3 These postinterven- 
tional pseudoaneurysms ay be associated with a 
large-caliber arterial defect, often in a patient who is 
immediately placed on anticoagulant and antiplatelet 
therapy. Options for treatment of these iatrogenic 
problems range from observation to operative repair 
of  the arterial defect. Multiple centers have reported 
a largely successful experience with the use of an 
ultrasound-guided compression technique to throm- 
bose and obliterate the pseudoaneurysms that are 
found in a variety of  settings, thereby obviating the 
need for operative treatment. 4-6 This study reports 
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the results of ultrasound-guided compression i our 
noninvasive vascular laboratory on pseudoaneurysms 
after diagnostic and interventional cardiac proce- 
dures. 
METHODS 
A system of prospective data collection for pa- 
tients who undergo pseudoaneurysm compression i
our vascular laboratory has been in place since early 
I994. The presence of a femoral pseudoaneurysm 
was established by duplex ultrasound with color-flow 
mapping. Studies were performed at the clinician's 
request because of a suspicion of a pseudoaneurysm 
and were not performed routinely after catheteriza- 
tion. After diagnosis of a femoral pseudoaneurysm 
and after discussion with the patient, the referring 
physician, and a vascular surgeon, a decision was 
made to attempt ultrasound-guided compression. At 
the time of the compression attempt, information 
was recorded, including patient demographics, the 
cardiac procedure that resulted in the vessel injury, 
the size of the catheter or sheath used in that proce- 
dure, and the size and anatomic location of the 
pseudoaneurysm. In addition, notation was made on 
the use of anticoagulation medication and the mea- 
sured coagulation parameters. The time to successful 
compression or failure to obliterate pseudoaneurysm 
flow was recorded. 
A 5 MHz transducer was used for the compres- 
sion attempt. An effort was made to identify the 
high-velocity jet of blood entering the pseudoaneu- 
rysm. Pressure was then applied on the transducer 
head until flow within the pseudoaneurysm was 
stopped. Throughout the compression, the underly- 
ing artery was visualized and care was taken to pre- 
serve flow in that vessel. Compression was continued 
for 10 minutes and the pressure released. I f  flow 
continued in the pseudoaneurysm, pressure was re- 
applied. This cycle was continued for 1 hour. The 
vessel was reimaged the following day to confirm 
obliteration. If recurrent or persistent flow was seen 
within the pseudoaneurysm, consideration ofrecom- 
pression was given. This was left to the discretion of 
the consulting vascular surgeon, with no specific cri- 
teria used. If  femoral region tenderness limited com- 
pression, an intramuscular narcotic injection, local 
anesthesia, or both were considered; this was used in 
only a small number of patients. A delayed, follow-up 
duplex scan was recommended to all patients who 
underwent successful compression. 
Statistical analysis used the Fisher exact test for 
the comparison of  two proportions and the two- 
tailed Student's t test for comparison of means. Ap- 
proximate 95% confidence intervals (CI) are reported 
where applicable. 
RESULTS 
Over a 3-year period from March 1994 through 
March 1997, 42 patients were diagnosed in our vas- 
cular laboratory with femoral artery pseudoaneu- 
rysms after undergoing cardiac procedures. One of 
these patients was thought o have a ruptured pseu- 
doaneurysm and was taken to the operating room 
without an attempt at compression. In the remaining 
41 patients, ultrasound-guided compression was per- 
formed. No patient during this time period had a 
pseudoaneurysm that resulted from a cardiac proce- 
dure observed; all were treated either with ultra- 
sound-guided compression or operative repair. Arte- 
riovenous fistulas were not included in this study. 
Twenty-five of the 41 patients (6i%) were male. 
The mean age was 68 years (median, 69 years; range, 
43 to 87 years). A variety of diagnostic and therapeu- 
tic cardiac procedures had resulted in the arterial 
injury: 19 patients had undergone diagnostic athe- 
terization alone, seven had undergone PTCA, one 
had undergone coronary atherectomy, two had un- 
dergone insertion and subsequent removal of an in- 
traaortic balloon pump (IABP), and 12 had under- 
gone placement of a stent. 
Ultrasound-guided compression successfully elimi- 
nated the pseudoaneurysm in 36 of the 41 patients 
(88%; 95% CI, 0.73 to 0.95). The initial compression 
session accomplished obliteration of flow in 33 of 41 
patients (80%; 95% CI, 0.65 to 0.91). Five patients 
tmderwent a subsequent attempt at compression, and 
this succeeded in three of the five (60%; 95% CI, 0.23 
to 0.88). Three patients were taken for operative repair 
without a second compression attempt, at the vascular 
surgeon's discretion. No patient underwent more than 
two compression attempts. No complications related to 
the pseudoaneurysm compression were noted in this 
series. 
The average size of the femoral pseudoaneurysm 
was 3.4 cm (range, 1.8 to 6.6 cm; 95% CI, 3.07 to 
3.67). The distribution of sizes was 1.0 to 1.9 cm in 
one patient, 2.0 to 2.9 cm in 11, 3.0 to 3.9 cm in 21, 
4.0 to 4.9 cm in five, 5.0 to 5.9 cm in two, and 6.0 to 
6.9 cm in one. The mean pseudoaneurysm ize was 
similar after various cardiac procedures: catheteriza- 
tion, 3.2 cm; IABP, 3.3 cm; atherectomy, 3.3 cm; 
PTCA, 3.5 cm; and stenting, 3.5 cm. The mean 
pseud0aneurysm size was not demonstrated to be 
different between groups that had successful and 
unsuccessful compression (3.28 cm vs 4.06 cm; p = 
0.09, not significant). 
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The mean time to successful compression was 35 
minutes (range, 7 to 185 minutes). Seventeen pa- 
tients underwent successful compression i less than 
30 minutes, and 16 required between 30 and 60 
minutes. Three patients required more than 1 hour 
for compression (representing the combined time of 
two separate sessions). The average time to compres- 
sion over the years of the study was: 1994, 55 min- 
utes; 1995, 29 minutes; and 1996-97, 26 minutes. 
Rates of successful compression were different 
when analyzed by the cardiac procedure responsible 
for the injury. Successful compression was accom- 
plished 95% of the time after catheterization (18 of 
19; 95% CI, 0.72 to 1.00), 100% after PTCA (seven 
of seven; 95% CI, 0.56 to 0.99), 100% after atherec- 
tomy (one of one; 95% CI, 0.21 to 1.00), 100% after 
IABP (two of two; 95% CI, 0.20 to 1.00), and 67% 
after stenting (eight of 12; 95% CI, 0.35 to 0.89). 
Successful compression was significantly less likely 
after stenting than after other cardiac procedures 
(eight of12 vs 28 of 29; p = 0.02). 
The arterial catheters and sheaths used during the 
cardiac procedure responsible for the pseudoaneu- 
rysm ranged from 6F to 10F. The sizes varied by the 
procedure performed: catheterization, 6F to 7F; 
PTCA, 7F to 9F; atherectomy and IABP, 10F; and 
stents 6F to 10F. In eight patients, a sheath of 9F or 
larger size was used. When sheath size and its rela- 
tionship to successful compression was examined, 
patients who had sheath sizes of 9F or larger proved 
more likely to have unsuccessful compression (three 
of eight vs two of 33; p = 0.04). 
A significant number of patients were receiving 
intravenous heparin, warfarin, or both. Measure- 
ments of the prothrombin time and partial thrombo- 
plastin time were recorded. Comparison with daily 
reported laboratory control values allowed categori- 
zation as normal or abnormal. Abnormal coagulation 
parameters were found in 20 of the 41 patients (49%; 
95% CI, 0.33 to 0.65). Abnormal coagulation values 
were seen in 38% (95% CI, 0.14 to 0.68) of the 
patients in 1994, 50% (95% CI, 0.23 to 0.77) in 
1995, and 57% (95% CI, 0.29 to 0.82) in 1996 and 
1997. The presence of coagulation abnormalities was 
not found to be different among those who under- 
went successful or unsuccessful compression (16 of 
36 vs four of five; p = 0.40, not significant). 
Thirty-one patients of the group of 41 (76%) 
underwent compression within 1 week of the cardiac 
procedure; six underwent compression within 2 days 
of injury. Only a single patient underwent an attempt 
at compression beyond 1 month from the injury. 
This "delayed" compression attempt failed and rep- 
resented the only failure in the patient group who 
underwent diagnostic catheterization alone. 
The success rates of ultrasound-guided compres- 
sion in our vascular laboratory increased over the 
3-year period studied. Successful obliteration of the 
pseudoaneurysm was obtained in 77% of patients 
(95% CI, 0.46 to 0.95) in 1994, 86% (95% CI, 0.57 
to 0.98) in 1995, and 100% in 1996 and 1997. 
Two patients in whom compression appeared to 
have been successfully accomplished at the initial 
compression session were found the following day to 
have persistent or recurrent pseudoaneurysms and 
underwent recompression. Of the 36 patients who 
were successfully treated with compression, 16 un- 
derwent follow-up duplex scans within i week, seven 
underwent follow-up scans between 1 week and 1 
month, and six underwent follow-up scans greater 
than 1 month from the time of compression. Seven 
patients had no follow-up duplex scan performed in 
our vascular laboratory. No patient was noted to 
have a recurrence on follow-up evaluation. 
DISCUSSION 
Iatrogenic injuries to the femoral artery caused by 
catheterization may result in a variety of problems, 
including the development of a contained, persistent 
leakage of blood from the puncture site, a pseudoan- 
eurysm. With the increasing use of percutaneous 
procedures to treat coronary atherosclerotic lesions 
and other vascular problems, pseudoaneurysms have 
been identified more often. Widespread availability 
of color-flow duplex scanning may allow earlier and 
more accurate diagnosis of the problem. 
Multiple factors are likely to contribute to the 
development of a pseudoaneurysm. Patient-depen- 
dent factors, such as atherosclerosis at the arterial 
entry site, obesity, poorly controlled hypertension, 
clotting disorders, use of anticoagulants and anti- 
platelet therapy, and failure to comply with the post- 
catheterization care regimen, may play a role in pseu- 
doaneurysm development. In addition, factors that 
are related more directly to the catheterization are 
likely to play a role, including the location of the 
arterial puncture, the caliber of the defect left in the 
femoral artery from the catheter or sheath, and the 
technique of catheter removal and subsequent man- 
agement of the femoral site. 
In the current study, the subset of patients who 
underwent cardiac stent placement had less success 
with ultrasound-guided compression compared with 
other cardiac procedures. Clearly, there were a mul- 
tiplicity of factors that resulted in this finding. The 
use of a large-caliber arterial sheath was shown to 
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result in lower rates of successful compression. This 
finding is logical and may largely explain the failures 
in the stent group. 
Even within the short time period of this study, 
several changes occurred in the management of these 
patients that may have affected results. At the onset 
of  the study, all patients in whom intracoronary 
stents were being placed were given an aggressive 
regimen of anticoagulation medication and anti- 
platelet agents in an effort to prevent early stent 
thrombosis. These agents were not stopped even 
after recognition of the pseudoaneurysm because of 
cardiac concerns. Later in the study period, a signifi- 
cant modification of  that protocol used a less-exten- 
sive regimen, although this was not reflected in the 
incidence of measured coagulation abnormalities. 
Other authors have shown a correlation between 
anticoagulation medication and compression suc- 
cess, 7 but this was not demonstrated in the current 
study. 
Refinements in catheters and sheaths during the 
time of this study was seen as a trend over time to use 
smaller sheaths to perform similar procedures. The 
final patient enrolled in the series underwent place- 
ment of a stent through a 6F sheath, down from the 
9F and I0F sheaths used only a few years before. 
Because of the small numbers in each subgroup, 
analysis was not thought o be worthwhile. The ten- 
dency to use smaller sheaths and less anticoagulation 
medication, added to the increasing experience of 
the vascular laboratory, are likely responsible to the 
improved rates of compression seen across the 3 years 
of the study. The high overall success rates of  com- 
pression in this study may have been beneficially 
influenced by early detection and treatment of 
pseudoaneurysms and the decision to treat small 
pseudoaneurysms rather than observe them. 
CONCLUSION 
Ultrasound-guided pseudoaneurysm compres- 
sion is a highly effective treatment for catheter-re- 
lated femoral injuries. Lower rates of success were 
seen in the group with stents, but even in this setting 
the majority of pseudoaneurysms could be obliter- 
ated. Future refinements in devices and catheters, 
added to improvements in patient management pro- 
tocols, will hopefully render iatrogenic femoral 
pseudoaneurysms less common and more likely to be 
treatable with an ultrasound-guided technique. 
We gratefully acknowledge the vascular technologists 
who helped in the care of these patients: Eileen Muench, 
Anthony Camme, Michelle Ferrara-Ryan, Marianne Kane, 
Elizabeth Rocco, and Ruth Signorile. Statistical analysis 
was performed by our vascular esearch assistant, Deborah 
Creighton. 
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DISCUSSION 
Dr. Frank T. Padberg, Jr. (East Orange, N.J.). The 
authors reported acontemporary experience with success- 
ful ultrasound-guided compression of femoral pseudoan- 
eurysms. Although a relatively new procedure, its wide 
acceptance has already justified the establishment of a new 
CPT code, presumably assuming physician participation i
the compression attempt. The results of this effort are 
impressive and have already translated into improved pa- 
tient outcomes. During collection of the data, the tech- 
nique of ultrasound-guided compression improved, as did 
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the technique of catheter intervention. This experience is
consistent with that reported in the literature. 
To date, there is no consistent method for reporting 
these variables associated with catheter-induced femoral 
pseudoaneurysms. Although you have not demonstrated a 
significant relationship to anticoagulation medication, oth- 
ers, specifically Cox and Hertzer from the Cleveland 
Clinic, and Hajarizadeh and Cutler from the University of 
Massachusetts, did. The Cleveland series found two that 
recurred at a greater than 2-week interval during follow- 
up. The University of Massachusetts series found a signifi- 
cant association with heparin anticoagulation, specifically 
noting times in excess of 150 seconds. In your series you 
noted a reduction in the intensity of the anticoagulation 
regimen, which may have favorably influenced the later 
outcomes. Clearly, preserving coronary patency is impor- 
tant, but there seem to be little data on how much antico- 
agulation medication is required to strike a balance be- 
tween preservation of coronary patency and reduction in 
catheter-site complications. 
What is the anticoagulation requirement practiced at 
your institution after this report? Are heparin, warfarin, and 
antiplatelets allstill used? For how long? Your follow-up, as 
described, was limited to a voluntary duplex examination 
and a clinical examination. How many of these patients 
actually had that follow-up duplex? Are we sure that none 
of these have recurred, as did in the Cleveland series? 
The dramatic reduction in surgical repair with this 
technique is both more acceptable to the patient and more 
cost-effective. However, some catheter-related complica- 
tions will still require surgical intervention; for example, 
the ruptured one in your series. The obvious outlier in the 
diagnostic atheterization group was greater than 30 days 
old. Did the rate of success differ in the nine that were 
diagnosed in the 2 to 4 weeks after catheterization? Some 
were larger than 3 to 4 cm, but you did not specify whether 
the success rate was different in this population. In which 
situations are you going to recommend surgical interven- 
tion? Are size, age, or anatomic location of the puncture 
relevant to success? 
Catheter-related retroperitoneal hematoma was re- 
ported to this Society by Dr. Craig Kent in 1994. The 
prevalence was 0.5% for all procedures, with an incidence 
of 3% with stents. How many procedures were performed 
in the categories you have analyzed? Is the incidence higher 
in some categories, as you pointed out? Were arteriovenous 
fistulas diagnosed or treated uring this time? Is compres- 
sion equally applicable to the arteriovenous fistulas from 
t 
catheter-related interventions? 
It is surprising that the incidence with 10F IABP is so 
low. Can you explain why these didn't cause more prob- 
lems? What is the standard sheath size with this technique 
now? Was the operative threshold lower for this group? 
Finally, recognizing the difficulty of data collection on 
another service, it would be interesting to know how initial 
management of the puncture site may have influenced the 
outcome, that is, the development ofa pseudoaneurysm. Is 
there a standard protocol in your catheterization labora- 
tory? Did it change as a result of this data? Was the protocol 
really followed in the patients in whom pseudoaneurysms 
developed? 
Dr. Steven M. Hertz (Millburn, N.J.). Thank you, 
Dr. Padberg. There is a lot in your statements, and I think 
that you've gotten to the crux of the matter. Let me see 
whether I can address ome of those points. 
First, concerning anticoagulation. You're correct hat 
several series have pointed anticoagulation ut as an inde- 
pendent predictor of failure of ultrasound-guided com- 
pression. Other series have looked at it and have not shown 
that. We did analyze it and failed to show it. Maybe more 
importantly, as you say, it just appeared that at the begin- 
ning of the protocol, especially in the stented patient, that 
the use of anticoagulation/antiplatelet herapy was quite 
excessive. I believe that the people who were collecting, 
that data and analyzing it from the point of view of the 
stent protocols found that the bleeding complications were 
unacceptable to justify the risk of thrombosis of the stent 
and subsequently have modified that. 
It's almost remarkable to me that with a 10F hole in 
the artery on a patient on an aggressive anticoagulation 
regimen that we were successful. When we started out, we 
didn't really expect o be successful, but we believed that 
the risks inherent in the compression were small enough 
that it was worth a try. 
In terms of the long-term follow-up, your points are 
correct. Eighty percent of the patients underwent a fol- 
low-up ultrasound examination. We did not see any recur- 
rences. We did not hear of any patients in whom the 
pseudoaneurysm recurred who went to other places with 
expanding or ruptured pseudoaneurysms; it ispossible that 
that occurred. Most of the other literature, with a few 
exceptions, hows that the incidence of late recurrences i  
uncommon, if not unusual. 
So how do we select he patients who should undergo 
operative repair? The one patient in this series who was not 
offered compression had severe pain; blistered, tense skin; 
and a diffuse hematoma in the thigh. It was quite obvious 
that her pseudoaneurysm had ruptured. She was taken 
immediately to the operating room. I think that's the most 
extreme standpoint. Most of the patients were quite the 
opposite. They had small bumps that the clinician couldn't 
distinguish from a hematoma that proved to be pseudoan- 
eurysms. There was nothing urgent about the case, and 
they could safely have the time. I think skin compromise or 
tenderness that limits the ability to compress are the obvi- 
ous ones, and then there is a continuum of common sense. 
I think continuing more than two times, probably, and 
again you're adding to the hospitalization at that point, 
there are probably diminishing returns at some point. 
Dr. Michael B. Silva, Jr. (Newark, N.J.). It is our 
opinion that diagnostic and therapeutic ntravascular p o- 
cedures are an important part of our general surgical and 
vascular surgical training programs. To that end, we have 
obtained privileges in the angiography suite and have been 
